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Abstract 

We  investigate  the  fields  produced  by  a  line  source  located  at 
the  vertex  of  a  right  angled  wedge,  both  of  whose  faces  can  sustain  sur- 
face waves.  The  mathematical  formulation  of  the  problem  involves  the  use 
of  an  impedance  boundary  condition.  The  impedance  represents  the  effect 
of  a  corrugation  of  the  surface,  for  example.  It  turns  out  that  the  radiated 
field  is  an  elementary  function  of  the  observation  angle.  The  surface  wave 
amplitude  tends  to  simple  limiting  values  as  its  phase  velocity  tends  to  the 
velocity  of  propagation  in  free  space,  and  also  as  the  phase  velocity  is  de- 
creased without  limit.  The  results  are  compared  with  similar  results  valid 
for  a  line  source  on  on  infinite  plane.  The  method  employed  can  be  applied 
to  treat  wedges  of  more  general  angles. 
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1.    Introduction 

In  this  paper  we  study  the  problem  of  the  propagation  of  electromagnetic 
waves  produced  by  a  magnetic  line  dipole  source  located  at  the  corner  of  a 
right  angle  wedge  with  an  impedance  boundary  condition  prescribed  on  the  wedge 
surface.  The  boundary  condition  is  such  that  surface  waves  are  generated.  The 
amplitudes  of  the  surface  waves  generated  are  determined.  A  comparison  is 
made  between  the  magnitude  of  the  surface  waves  for  this  problem  and  that  of  a 
magnetic  line  dipole  source  located  on  a  plane  surface  characterized  by  the 
same  impedance  boundary  condition.   The  comparison  of  the  surface  waves  for 
the  two  different  configurations  is  made  on  the  assumption  that  the  sources 
have  the  same  source  strength.  Hence  we  can  compare  the  change  in  the 
amplitudes  of  the  surface  waves  as  the  wedge  is  straightened  out  into  a  plane, 
or,  as  the  plane  is  bent  into  a  right  angled  wedge.  We  also  calculate  the  far 
field  for  both  configurations . 

The  impedance  boundary  conditions  prescribed  in  the  problems  considered 
are  given  by 


(1.1)  i^  +  Xu  =  0  ,   9=0 

(1.2)  i|g  -Xu=0  ,   9  =  a 


where  u  is  the  z-component  of  the  magnetic  vector, r  and  0  are  the  usual  polar 

coordinates,  a  is  the  wedge  angle,  and  X  is  a  constant  characteristic  of  the 

surface.   The  difference  in  sign  appearing  in  the  boundary  conditions  arises 

from  the  different  orientation  of  the  normals  on  the  wedge  faces .  The  value  of 

X  is  given  by 

(1.3)    X  =  +  ico€  Z=  +  ia*  (R-iX) 

where  e  is  the  permittivity  of  free  space,  a>   is  the  angular  frequency  and  Z,R 

and  X  are  the  impedance,  resistance  and  reactance  of  the  surface,  respectively. 
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It  id  well  known  that  for  homogeneous  media  of  large  finite  conductivity,  R  and 
X  are  positive  in  sign,  small  in  magnitude  and  approximately  equal .  For 
illustrations  of  this  boundary  condition  see  Grunberg*-  -"  ,  Bazer  and  Karp'-''-', 
Fernando  and  Barlow'-  -tndFel sen  *-  -■  .   For  corrugated  or  dielectric-coated 
surfaces,  although  R  and  X  are  positive  in  sign,  R  is  much  smaller  than  X  and 
hence  Z  is  almost  purely  reactive.  See  Cullen-  -",  Felsen*-  -*,  Barlow  and 

M      M  rgi  h] 

Cullen1-  J,  3rickL  J,  Friedman  and  Williams  -'-  and  Barlow  and  ?:arbowiak  L  -  .  We 
note  that  when  X  is  positive,  equation  (1.3)  implies 

(l.k)  Re  X  >  0. 

This  condition  is  employed  in  our  mathematical  work.  The  condition  R  «  X  is 

of  course  the  most  important  special  case  insofar  as  surface  waves  are  concerned. 

The  problem  we  treat  is  not  separable  because  of  the  mixed  boundary 
condition.*  This  difficulty  can,  however,  be  overcome  by  introducing  an 
auxiliary  function  which  is  a  linear  combination  of  the  magnetic  field  and  its 
cartesian  derivatives.  The  auxiliary  function  is  chosen  in  such  a  way  that  it 
satisfies  the  wave  equation  and  simple  homogeneous  boundary  conditions.   Once 
the  auxiliary  function  is  obtained,  the  original  field  must  be  determined  by 
solving  an  auxiliary  partial  differential  equation.   This  idea  is  due  to 
Stoker-  -*  and  Lewy  L  J  who  studied  problems  in  water  wave  theory.   It  has  since 
been  employed  by  the  authors  (See  Karp^-  -**  and  Kai-al  and  Karp*-  -■ )  for  solving 
problems  in  diffraction  theory.**  A  more  general  method  of  water  wave  theory 
(See  Feters,  *-  ■" )  has  been  adapted  by  Senior'-  -',  who  solves  the  two  dimensional 


*    If  the  impedance  varies  as  l/r  rather  than  being  constant,  the  problem  is 
separable.  This  is  the  problem  treated  by  Felsen"-  ^  . 

**   In  the  present  problem,  the  solution  of  the  auxiliary  partial  differential 
equation  involves  integration  in  the  Riemann  surface  of  the  multivalued 
auxiliary  function.  This  complication  is  caused  by  condition  (l.*0- 
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scalar  problem  of  a  plane  wave  incident  on  a  wedge  of  completely  arbitrary- 
angle,  under  certain  impedance  boundary  conditions.  Surface  waves  are  not 
discussed  in  Senior's  work  since  they  are  excluded  by  the  boundary  conditions. 
In  Section  2  we  solve  the  problem  of  a  magnetic  line  dipole  located  on 
a  plane  surface  characterized  by  an  impedance  boundary  condition.  Although  the 
problem  is  easily  solvable  by  the  use  of  Fourier  transforms,  a  solution  by  the 
method  of  the  present  paper  is  given  here,  with  a  view  to  explaining  the 
procedure  in  the  case  of  a  simple  problem.  The  amplitudes  of  the  surface  waves 
generated  are  determined.   In  Section  3  we  solve  the  problem  of  a  magnetic 
line  dipole  source  located  at  the  tip  of  a  right  angle  wedge  characterized  by 
the  same  impedance  boundary  condition.   The  amplitudes  of  the  surface  waves 
generated  are  also  determined.  This  is  a  more  difficult  problem  than  that 
solved  in  Section  2,  but  the  general  method  is  the  same  .  Section  3  also 
contains  a  comparison  of  the  magnitudes  of  the  surface  waves  for  a  wedge  and 
a  plane  in  the  limiting  cases  of  X  ->  0  and  X  ->  co  respectively,  under  the 
assumption  that  the  source  strengths  in  both  cases  are  equal.   In  Section  h   we 
determine  the  far  fields  for  both  configurations .  Appendix  I  contains  a 
discussion  and  evaluation  of  several  important  double  integrals.  Appendix  II 
discusses  limiting  expressions  for  certain  important  integrals  that  occur  in 
the  analysis. 

2.      Solution  of  the  plane  problem 

In  this  section  we  study  the  electromagnetic  field  which  arises  from 
a  magnetic  line  dipole  lying  on  the  surface  of  a  plane  characterized  by  an 
impedance  boundary  audition.  Consider  the  plane  surface  y  =  0  and  suppose 
there  is  a  magnetic  line  dipole  located  at  the  origin  x  =  0,  y  =  0.  (See  Figure  1.) 
In  the  region  y  >  0  we  assume  that  we  have  free  space.  The  boundary  condition 
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on  the  surface  is  given  by  the  impedance  condition 


(2.1) 


du 


+  Xu  =  0     ,  y  =  0 


where  u  is  the  magnetic  vector  H  and  X  is  a  constant  related  to  the 
conductivity  of  the  material  comprising  the  surface.  We  wish  to  solve  the 
time  reduced  Maxwell's  equations,  subject  to  the  prescribed  conditions,  and 
obtain  the  amplitudes  of  the  surface  waves  propagated  along  the  surface. 
The  time  dependent  form  of  Maxwell's  equations  is 
[curl  H  =  -  icoe  E 
curl  E  =  ioju  H 


(2.2) 


where  E  and  H  are  the  electric  and  magnetic  field  intensities,  and  €  and  u 
are  the  permittivity  and  magnetic  permeability  of  free  space.  We  assume 
the  time  dependence  to  be  of  the  form  e    .  Because  of  the  geometry,  the 
field  produced  is  independent  of  z  and  hence  the  field  is  completely 
determined  by  the  value  of  H  .  We  have 


(2.3)         H     =  H    =  E     =  0 
v  x         y         z 


and 


(2.«0 


.  dH 

x  icue  dy 

..  dH 

y  icoe  dx 


The  field  component  H  =  u  satisfies  the  equation 


(2.5) 


(  v2+k2)u  =  -  4rt5(x-0)  S(y-O) 


where  v  is  the  rectangular  Laplacian,  k  is  the  propagation  constant  of  free 
space  and  5  is  the  Dirac  delta  function.  Therefore,  the  mathematical  problem 
reduces  to  that  of  solving  the  inhomogeneous  wave  equation  (2.5)  subject 
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to  the  mixed  boundary  condition  given  by  (2.1).   In  addition  to  the  prescribed 
boundary  condition,  we  require  that  the  far  field  be  outgoing,  and  that  the 
value  of  the  secondary*  magnetic  field  be  finite  everywhere. 
Let  us  make  the  substitution 

(2.6)  v  =  ^+Xu. 

Then  v  satisfies  the  following  equation 

(2.7)  (V2  +  k2)v  -  0  ,   x=y/0, 
subject  to  the  simpler  conditions 

f(D  v  =  0      ,  y  =  0 

(2.8)  \ 

1(2)  outward  traveling  waves  at  od  . 

If  the  problem  for  v  can  be  solved,  then  we  can  obtain  the  solution  for  the 
problem  involving  u,  since  (2.6)  can  be  integrated.   One  particular  solution 
of  (2.6)  is 


(2-9)      u  (x,y)  =  e"Xy  f   e+^  v(x,  ^  )d^ 


P 


It  is  important  to  point  out  that  the  function 'v  does  not  have  to  be  finite 
at  the  origin.  Thus  we  should  first  introduce  all  radiating  solutions,  no  matter 
how  singular  at  the  origin,  that  satisfy  the  appropriate  boundary  conditions 
for  v.  Out  of  this  class  of  solutions  we  shall  finally  select  only  those  that 
yield  an  everywhere  finite  value  of  the  secondary  magnetic  field  in  the 
original  physical  problem  involving  u.   Now,  if  we  employ  the  method  of 
separation  of  variables  and  use  conditions  (2.8),  we  find  that  the  most 
general  representation  for  u  is  of  the  form^L  anH   (kr)sin  n  9.  Since  v 


*  By  secondary  magnetic  field  we  mean  the  total  field  u  minus  the  field  of 

the  exciting  line  source.   The  primary  field,  or  the  field  of  the  line 

( l)    -\/~2     2~~ 
source,  is  irtFT    (k  fx   +y   ). 
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cannot  be  too  singular,  the  only  admissible  function  of  this  class  is 

(2.10)     v  =  coHp-W)  sin  6  =  -  f  ^  l/l}(kr). 

The  constant  c  has  yet  to  be  determined.  This  solution  obviously  satisfies 
the  wave  equation  (2.7)  and  the  boundary  conditions  (2.8).  We  substitute 
the  second  form  of  (2.10)  into  (2.9)  and  integrate  by  parts.   Introducing 
a  new  constant  c  for  convenience,  the  particular  solution  *(2.9)  becomes 


(2 


r  y  "1 

11)    up(x,y)  =  e1W1,(to)  -  Xe"Xy    eX?  n<^(k  /x?+  f"   )d  ^ 

L  J-oo  J 


where  IT   (kr)  is  a  Hankel  function  of  the  first  kind  of  order  zero,  and  c 
o  J- 

(which  is  to  be  determined  later)  is  a  constant  related  to  the  source 
strength.  Notice  that  in  (2.9)  and  (2.11)  we  integrate  below  the  boundary 
of  the  physical  space.  This  is  possible  because  the  wave  function  v  vanishes 
on  the  x  axis  and  hence  can  be  continued  to  negative  values  of  y.  The 
function  u^  does  not  satisfy  all  the  conditions  of  the  problem,  for  it  is 
not  a  wave  function  in  regions  including  the  positive  y  axis,  since  the  x 
derivative  is  discontinuous  at  that  line.  This  defect  can  be  immediately 
remedied, as  will  be  seen  below,  by  adding  to  (2.11)  another  solution  of  the 
wave  equation  as  follows: 


(2.12)    u(x,y)  =  e1 


H^kr)  -  Xe"Xy  f  e*?  H(l)(kr)d7 


'-co 


+  c  g-xy+i)^?  |x| 


The  introduction  of  the  additional  term  with  the  unknown  constant  c  now  makes 
it  possible  to  satisfy  the  continuity  condition  involving  ^—  .  We  note  that 
the  form  of  the  additional  term  is  that  of  a  surface  wave.  Hence,  when  we 
impose  the  continuity  requirement  on  ^—  and  evaluate  c?,  we  obtain  the 
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amplitudes  of  the  surface  waves  propagated  away  from  the  source.  We  now 
proceed  to  determine  the  value  of  c?. 


It  follows  at  once  from  (2.12)  that 


M   H^^krjdf 


•oo 


+  cnl^F^e-^1^r   W 


i  -2J 


where  the  plus  sign  applies  when  x  >  0,  and  the  minus  sign,  when  x  <  0.  Since 


(2.1U) 


lljH^kr)  =  -  k4l)(kr)eo8  e 
^  H^Ckr)  =  -  kH^l)(kr)sin  6  , 


equation  (2.13)  can  be  written 


(2.15)  ux(x,y)  =  -  c^ 


r' 


H^fkrjcos  6  -  Xe'Xy         eX?  II^l)(kr)cos  0  d^ 


''•CO 


,  x/2~2     -Xy+i  )i2+X2    I: 
+  c_i  /k  ■*■ 


~+X  e 


We  require  that  u  be  continuous  across  the  line  x  =  0.  We  can  state  this 
requirement  as  a  jump  condition  as  follows: 


(2.16)     fc.1  =  Llra 


u  (x  >  0,y)  -  u (x  <  0,y) 


1=0. 


Substituting  (2.15)  into  the  above  jump  condition,  and  noting  that  the  first 


terms  for  u  yield  a  zero  contribution  to  the  jump,  we  have 


(2.17)   fu 1  =  Lim 


x->0 


+  2ClkXe-^    eXl   41}  (k  il+f   ) 


xdi 


-co 


i^f 


*  2c2i  yK?"  e"^1  ^^  I*!}   • 
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The  integral  on  the  right,  in  the  limit,  is  clearly  zero  except  in  the 
neighborhood  of  ^  =  0.  Hence 


+ic  kX 
(2.18)       c2  =  = 


F 


>B 


2^2     x^O    , 


A^iKf ) 


d? 


K+r 


where  e  is  small.  Since  both  e  and  x  are  small,  the  argument  of  E,  is 
small.   Using  the  well-known  asymptotic  formula  for  small  argumert ,  we  find 
that  the  above  simplifies  to 


ic  kX 
(2.19)     c2  = 


)K"x2  X^° 


-2i 


d^ 


x  |  (1) 


\ 


or 


2Xc, 


(2.20)    c„  = 


Lim 


n)^*"*5 


2   2 
xN-^ 


"? 


The  limit  occurring  in  (2. 20)  is  easily  evaluated  by  making  the  substitution 
"n   =  xt.  Then  we  find  that 

dt  2X 


(2.21)     c, 


Therefore 


+  2  Xc 
1   , 

«Vk^ioo1+t         &? 


(2.22)         u(x,y)  =  cx 


H(l)(kr)   -  Xe"^ 
o     v 


7 


eX?l£L)(kr)d7  + 


2X  -Xy+i 


-oo 


yKo? 


yK?f: 


The  first  term  corresponds  to  the  source,  the  second  term  represents  the 
secondary  contribution  to  the  cylindrically  radiated  field,*  and  the  last 


*  It  is  easily  shown  that  this  integral  which  can  be  interpreted  as  an  infinite 
distribution  of  line  sources,  does  not  oontain  a  surface  wave  term.  In  fact  a 
finite  distribution  of  line  sources  is  a  cylindrically  radiating  function,  and 
although  our  integral  is  an  infinite  distribution  of  line  sources,  the  exponential 
decay  factor  makes  it  behave  like  a  finite  one. 
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term  is  the  desired  surface  wave.  The  constant  c.  is  related  to  the  source 
strength  and  can  be  determined  in  the  following  simple  way.  The  solution  of 
(2.5)  for  a  simple  point  source  located  at  the  origin  is  given  by  the 
well-known  Green's  function 

(2.23)  G  =  IitH^(kr)   . 

Hence  the  proper  normalization  for  a  point  source  is  obtained,  provided  that 
we  let 

(2.24)  C;L  =  iit  . 


ytf5--2 


We  note  that  the  amplitude  of  the  surface  wave  is  given  by  |  2«  X/  /X  +k' 
When  x/k  is  small  the  amplitude  of  the  surface  wave  is  |2rt  X/k | ,  and  when 
X/k  is  large  the  amplitude  tends  to  |2n|. 

3.    Solution  of  the  right  angled  wedge  problem 

We  now  study  the  electromagnetic  field  which  arises  from  a  magnetic  line 
dipole  located  at  the  tip  of  a  right  angled  wedge  whose  surface  is 
characterized  by  an  impedance  boundary  condition.  Consider  the  right  angled 
wedge  y  =  0,  x  >  0  and  x  =  0,  y  <  0,  and  suppose  there  is  a  magnetic  line 
dipole  located  at  the  origin  x  =  0,  y  =  0.   (See  Figure  2.)  The  boundary 
conditions  on  the  surface  are  given  by 

1^  +  Xu  =  0     y  =  0,  x  >  0 
(3-D        <* 

^-Xu  =  o    x  -  0,  y<o 

where  u  is  the  magnetic  vector  and  X  is  a  parameter  related  to  the  impedance. 
(See  Introduction.)  We  emphasize  that  Re  X  >  0.  We  wish  to  solve  the 
time-reduced  Maxwell's  equations  and  obtain  the  amplitude  of  the  surface  waves, 
The  field  component  Hsu  satisfies  the  equation 


(3.2)       (V^k^u  =  -  WS(x-O)  8(y-0)  . 
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Let  us  make  the  substitution 

■3y 


(3-5)    v  -  (|-+  x)u 


where 

(3.*)    U-  (|j-  X)u  . 

Then  v-  satisfies  the  following  equation 

(3-5)   (V2+k2)v  =  0  ,  x2+y24  0,  0  <  6  <  5«/2  , 

subject  to  the  simple  conditions 

(1)  v  =  0     y  =  0,     x  >  0 

(3.6)  J(2)  v  =  0      x  -  0,     y  <  0 
(3)  Outgoing  waves  at  infinity. 

Conditions  (3.6)  can  only  be  satisfied  by  a  superposition  of  solutions  of  the 
form  IU  /,  (kr)  sin  2n/3  6  ,  where  n  is  an  integer.  We  shall  show  that  the 
only  admissible  solution  for  v  has  the  form 

(5.7)  v  =  eoH^(kr)sin  26  +  e^W  (kr)sin  ^  6  +  c2  H^(kr)sin  |  9  , 

where  the  various  terms  of  (3. 7)  correspond  to  the  values  n  =  3>2,1  respectively. 
The  reason  for  this  choice  of  values  of  n  is  that  a  double  integration* 
must  be  performed  upon  v  in  order  to  yield  u.  Then  the  term  B     leads  to 
the  desired  source  term  H  .  The  terms  H.  /,,  and  H  /,,  which  correspond  to 
n=2  and  n=l  respectively,  lead  to  finite  values  at  the  origin  after  integration. 
Iligher  values  of  n  would,  however,  lead  to  infinite  values  of  u  at  the  origin, 
and  such  values  are  therefore  excluded.  We  note  that  an  important  simplification 
can  be  made  at  this  stage.  Observe  first  that  u  is  clearly  symmetric  about 


Note  that  (3.3)  and  (j.h)   have  the  symbolic  solution  u  =  (^  -  X)'1(|-f  X)_1v. 
Hence  a  double  integration  is  involved. 
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the  line  v  =  -  x  so  that  3—  =  0  there.   Next,  if  we  combine  (3-3)  and  (3.*0> 

on 

we  see  that  v  =  (5—  -  a.)  (3—  +  ^)u.   If  we  introduce  the  derivatives 

'r-  and  >—  ,  tangential  and  normal  to  the  line  y  =  -  x,  we  find  that 

os     on 

($ j0(t~  +  -v)  is  a  quadratic  function  in  3-  alone.   Hence  we  have  v-  =  0 

on  the  line  y  =  -  X  or  4  =  0  at  6  -  ?n    .     By  applying  this  symmetry  condition 
we  find  at  once  that 

Consequently  (3-7)  contains  only  two  terms  involving  the  constants  c  and  c 

The  expression  (3-7)  for  v  is  a  wave  function,  defined  by  means  of 
(3.5)  in  the  angular  section  0  <  ©  <  ^~-   .  We  note,  however,  that  we  can 
extend  the  range  of  v  to  the  ^th  quadrant.  Since  v  vanishes  on  the  positive 
x-axis,  the  possibility  of  the  extension  follows  from  the  reflection  principle. 
We  carry  out  the  extension  by  using  (3-7)  and  permitting  6  to  range  over  the 
enlarged  angular  section  -  5  <  ©  <  p  •  Using  the  extended  definition  of 
v,  we  construct  the  expression 

(3-8)     e">y  I  eX°?  v(x,  ?  )d? 
-^00 

which  is  easily  seen  to  be  a  particular  solution  of  (3-3)  •  Since  v  is  regular 

in  the  extended  range  -  ■?  <   9  <  —  ,  we  may  differentiate  (3-8)  under  the 
integral  sign  in  this  range  and  also  integrate  by  parts.  We  can  then  easily 
verify  that  (3-8)  is  a  wave  function  except  across  the  line  x  =  0.  Since 
we  are  integrating  the  inhomogeneous  equation  (3-3)>  we  can  add  a  complementary 
function  (indicated  in  curly  brackets  in  (3-9)  below)  to  the  expression  in 
(3.8)  and  obtain  a  representation  of  the  wave  function  U  of  (3- 3)  and  (3.*0 
in  the  form 
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U(x,y)  =  e 


•Xy 


(3.9) 


LL 


;A7  Jc  H21^(kr)sin  29  +  c  H  y  (kr)sin  $  el  d^ 


-Xy+i  Yk  +X  x  , 

c,  e  J        ' 


x  >  C 

x  <  0 


In  the  integrand  of  this  expression  r  =  fx     +  ^        ,  0  =  arctan  -*  ,  and 
-  —  <  6  <  ^—  .   Except  across  the  line  x  =  0,  the  term  in  curly  brackets 
is  a  wave  function,  as  is  the  term  in  square  brackets.   But, as  we  shal]  see, 
each  term  separately  is  discontinuous  together  with  its  derivative,  at  x  =  0  . 
Nevertheless,  U  is  regular  across  the  line  x  =  0,  y  >  0,  and  from  this  fact 
we  can  derive  two  relations  between  the  constants  c  ,  cp,  and  c,  .   These 
relations  are  obtained  by  calculating  the  discontinuity  of  U  and  U  across 
the  positive  y  axis,  and  setting  the  discontinuities  equal  to  zero. 

Before  calculating  the  discontinuities,  it  is  convenient  to  transfoim 
the  expressions  for  U.  By  using  the  relations 

H^{(kr)sin(v-l)a  =  i||L /^(krjcoa  v«J  -  ^  /^(krjsin  vej 


(3-10) 


< 


Jj|(kp)Bln(v+l)e  =  =±fe  jn[/l)(kr)cos  vg|  +  |j  {^(krJsin  vej 


and  integrating  by  parts,  (3-9)  becomes 


!  J-  |4])(kr)cos   ©  +  |ie-Xy 


/ 


eX7l  H^(kr)cos  06^ 


•CD 


13  - 


tf   H^(kr)sin  f  d7 


-oo 


i  yT2 


-Xy+i  Jk   +X   x 


-  —  <  arctan  *-  <  -z 
2  -        x   2 


—  <  arctan  *-  <  ~r- 
2  -        x  -  2 


Note  that  here  9  =  0(x,  V  ),  where  -  •=  <   6  =  arctan  ■*  <  —  . 

Now  U(x,y)  and  its  derivatives  are  continuous  when  considered  as  functions 
of  y.  However,  as  noted  earlier,  the  individual  terms  of  U(x,y)  and 
U  (x,y)  are  not  continuous  functions  of  x  across  the  line  x  =  0,  y  >  0, 
since,  for  example,  for  a  fixed  negative  W,   the  integrands  have  different 
values  according  as  x  is  positive  or  negative.  Hence,  for  U(x,y)  to  be  a 
wave  function,  we  must  require  that  the  following  jump  conditions  be  satisfied: 

(3.12)    J(I)   [U(°+>y)  *  u(°~>y)]  =  0,  y  >  0 

{(id  [yx(0+'y)  -  ux(°"'y)]  -  °'  y  >  °- 


The  first  jump  cone 
(3.13)c0  j£  lim 

X-X)      j 

If  we  let 

lition  yields 

,x?  TT(l)firlrrn         x 

*7- 

c     £ 
c2     2 

4 

e   «  ii^     IKiyjj 
•oo                                 /x2+  -f 

p 


7^(*l7l>*7 


+  c.  =  0. 


GO 


OO 

(5.1k)         Iv(k,X)  =  fe'^H^Ckl^Dd^ 


the  first  jump  condition  reduces  to 

(3-15) 

We  note  that 


2  C2 


M  ♦  *  -  * 


Ik 


■iv-. 


(3.16)    I  (k,x)  =  (-7^ )  - 

x-  vv  *  '    sin  vn 


vt 


,2  ,  2 
X   +k 


•lvf  <  )«5? 


-x)' 


.  7T 


(7^? 


».)' 


:> 


where  -  1  >  Re  v  <  +  1.   (See  [lk].) 

Consider  next  the  second  jump  condition.  We  first  calculate  U  (x,y) 
and  find,  after  integrating  by  parts,  that 


(3.17)   Ux(x,y)  =  co 


H^krJcos  e]  -  ~  H^krjsln  9 


V  k  Sc 

©        y  v 

+  £L  „-*   j     e>?  „(D(kr)sin  e  d?  +  2xe"Xy   J     e^H^kr)*?    , 

f  y  ' 

L(l),.     ^  2G        .    -Xy    (       WT/l)/.     %  26  a^ 

C2V12/V kr)CG*  ~  "   Xe  e   nig /J(kr)cos  —  d?? 


-oo 


ke        e 


.  *   y 

^      3 


'    eX?H^(kr)sin|d^ 
*oo 


0 

Substituting  into  the  second  jump  condition  we  find 
(3-18) 


—  <  arctan  *-  <  — 
2         x   2 

^  ^     y  ^-  ?« 

7:  <  arctan  *-  <  — 
2         x   2 


+  c. 


6   Il/3"  k  T2/3 


+  c, 


f^]  =  o 


We  now  have  two  equations  which  relate  the  three  unknown  constants  c  ,  c^  and 

o   2 

c.  .  By  requiring  that  U(x,y)  and  U  (x,y)  be  continuous,  we  have  ensured  that 
U(x,y)  is  a  wave  function  everywhere.  We  now  proceed  to  the  determination  of 
u(x,y). 

The  function  U(x,y),  as  given  by  (3-9),   and  subject  to  the  conditions 
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(3.1.S')  and  (3- 18),  is  a  wave  function  defined  in  the  angular  sector 

-  —  <  arctan  *-  <  5-  .   In  order  to  obtain  u(x,y)  from  U(x,y)  by  integrating 
(3-M,  we  first  extend  this  region  of  definition  to  the  angular  sector 

-  7T  <  arctan  *■  <  2it.      The  Schwartz  reflection  principle  shows  that  this  is 
2  -        x  - 

possible,  since  U(x,y)  vanishes  at  x=0,  y  <  0.   If  we  perforin  this  extension 

from  the  third  to  the  fourth  quadrant,  then  we  note  that  if  |y|  ^   0,  ah,    (or  x) 

integration  in  (3.19)  can  proceed  continuously  without  encountering  a  barrier. 

Thus  a  particular  solution  of  (3.*0  is 

00 

(3.19)  -  e^  J  e"X|U(|,y)d| 

and  the  regularity  of  U  outside  the  positive  x-axis  can  be  used  to  show  by 

direct  differentiation  that  u  (regardless  of  the  value  of  the  c's  implied  in  U"), 

is  a  wave  function  unless  y  =  0,  x  <  0.    In  the  subsequent  analysis  we 

frequently  make  use  of  polar  coordinates  because  the  integrands  are  multivalued 

functions  of  the  cartesian  coordinates.  Since  there  is  an  overlap  of  the 

regions  of  definition  of  the  integrands  (in  the  fourth  quadrant),  care  must  be 

exercised  in  performing  the  integrations.  With  the  extended  definition  of  U(x,y) 

we  can  now  obtain  a  well-defined  particular  solution  of  equation  (3-^)  by 

substituting  the  individual  terms  (3-9)  into  (3.19)-  We  add  a  complementary 

solution  of  (l.k),    (given  in  curly  brackets  in  3-20  below)  carry  integrations 

out  explicitly  where  practicable  and  convenient,  and  obtain,  for  the  desired 

function  u,  the  following  expression: 

00 

(3.20)  u(x,y)  =  \  coHol)(kr)   "  %  V^    '   ^H^^krjdg 

K  K 


00 


*c  *-<x> 


I     eX?  Hp^krjcos  9  d^ 


16  - 


c2e 


po 

■x(y-x) 


f    e"XMP      j     eX     H^(kr)sin  f  d? 

x  -00 


e_Xy+i  /K2+X2  x  e-Xy+Xx 

h-= h(x)h(y)     +  — ■ h(-x)h(y) 


■X+i  /k2+X2  -X+i  )42+> 

Xx-i  /k2+^2y    ./      v 
+     c7e  '  h(-y) 


In  this  expression  the  function  h( x )  is  equal  to  unity  for  x  >  0  and  to  zero  for 

x  <  0,  and  h(y),  h(-x),  h(-y)  are  defined  accordingly.  Certain  integrations 

have  been  performed  by  parts,  on  the  model  of  the  calculations  performed  earlier, 

in  the  transition  from  (3-9)  to  (3.11).   A  new  constant  c,  has  been  introduced. 

We  shall  now  proceed  to  deduce  two  additional  relations  between  the 

constants  c  ,  C-,  c7  and  c,  These  relations  follow  from  the  fact  that  U(x,y) 
o   2   3      ^ 

and  its  derivative  must  be  continuous  across  the  line  y  =  0,  x  <  0.  We  can 
express  the  continuity  conditions  as  jump  conditions  as  follows: 

(3.21)  [(III)    [u(x,0+)  -  u(x,0")l  =0,   x  <  0 

i  r    +       - 1 

(TV)    Mx,CT)  -  uy(x,0  )J  =  0,  x  <  0. 
Jump  condition  III  yields* 

(3.22)  I  -  f  c  e**  I    f   eXr(cOS  9  "  Sin  ^^^(krjcos  e  rdrd, 

L  I   I* 


In  (3.22)  we  omit  the  first  two  terms  of  u,  as  given  by  (3.20),  since  the 
jumps  of  these  terms  are  obviously  zero. 
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c      e 
2 


Xx 


/°° 


c,  e 


(°     -Xr(cos   6  -   sin  e)_(l),,     »    ,      29      ,    ._    ,_       C^ 
e        v  'Hi  /'(kr)sin  —  rdrdG  +  


Xx 


6  2 


'2/3 


£ 


•X+i  Kk2+X2 


2X  Xx 

■ —  c  e 
k       o 


po     2it 


'  rt 


■Xr(cos   8  -   sin  G)_.(l),.     ,  ,    . 

H'      (kr)cos   GrdrdG 


c2e 


f       -Xr(cos  e  -   sin  e)_(l)/,     \    .     20     ,    ,Q   ,  >x 

e        v  'Hp/'(kr)sin  —  rdrdG  +  c   e 


=   0 


or 


(3.23)      -|ACoH.C2j  +  * 

-X+i 


In  the  above  expressions 


i&z 


e  -0 


(5-2*0   H= 


=  [[  e"Xr(cOS  G  "  Sin  ^B^CkrJeo.  erdrdG 


2* 

r    -Xr(cos  0  -  sin  eJJl),.  v    _  ,  ,. 
e   s  'Hi  '(kr)cos  GrdrdG 


'0  J 


co  0 


•  n 

2 


(3.25)  J  =      e 


-Xr(cos  G  -  sin  G)_(l),.  *  ,  20 

x  'Hl,/'(kr)sin  -r-   rdrdG 

2/V       3 


5£ 
2 


-Xr(cos  G  -  sin  0)„(l),.  N  ,   2G   ,  ,_ 

i   x  'Hp  /'(kr)sm  —  rdrdG 


and  I  is  defined  in  (3.16).  Using  the  fact  that  the  jumps  H  and  J  are  zero 
(See  Appendix  I),  we  have 
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% 


(3-26)  -c     +  — =     0. 

-X+i   Yk2+X2 


Consider  next  the  fourth  jump  condition.      First,    however,   we  need  u  (x,y)  . 

We  find     that  u     can  be  written  in  the  following  form     if  we  use  the   identities 

(3.10)  and   integrate  by  parts: 

,oo 
•  |  c^Wjsin  G  +  f-  coe>JC   J   e'^H*1*  (kr)sin  9d$ 

x 

tX7t  H^(kr)cos   Qi^di, 


/ 
x 

CO 

■  -j—  c   e      w      '  1   e 


-co 

f*  c^  Je-^^^krjcos  M|    -  f  CjH^krJsln  | 

x 

-X(y-x)    (      -X|    f        X^   „(l)/,     x    .      29    .«_,     .. 
Xc  e      w  e  e        I-2y7(kr)sin  ~  dY       ^ 

Xx    |      -X|   „(1)/,     \    .      26   .. 
e     *   H2/^(kr)sin  5-  d| 

k  +X  y 


c2e 


-Xcue"Xy+i  /k2+x2x-h(x)h(y) 

•   V!  2,.  2          Xx 
-l  fk  +X     c  e 

-X+i  /k2+X2 

-XV"Xy+Xx    •  h(-x)h(y) 
+  . 

h(-x)h(-y) 


-X  +   i  /k 


2+x2 


If  we  now  substitute  into  the  fourth  jump  condition  and  collect  terms  we  have, 
after  some  reduction, 


iT  +1  /1+  "5 


k? 


We  now  have  four  linear  algebraic  equations  given  by  (3-Jp)>  (3-38),  (3.26) 
and  (3-28:'  for  the  four  unknowns  c  ,  cp,  c7  and  c.  respectively.   The  constant 
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c  ,  however,  is  related  to  the  source  strength  and  can  be  determined  by  proper 
normalization.   Tn  order  to  have  a  simple  point  source  as  defined  in  (2.2k), 
we  find  that,  we  must  set 

(3.29)     ,o,i^     . 

This  leaves  us  with  four  equations  and  three  unknowns.   We  note,  however, 
that  equations  (3-15)  a^d  (J. 28)  are  identical.   Hence  we  real.ly  have  three 
equations  involving  three  unknowns,  vie   summarize  them  as  follows: 


(3.30) 


c3  = 


±i^~-  x 


(3.^1) 


P-   I  ,  +  (i  f^?  -   X) 


klU 


L2/ 


C3  = 


(3.32) 


3T       X  t 

P   Xl/3  ■  k  T2/5 


21 


*-r v  i  />  +k 


)  =  0 


Reference  to  (3.20)  shows  that  the  quantities  on  the  left  and  right  hand  sides 
of  (3-30)  are  the  surface  wave  amplitudes  on  the  wedge  faces.  Hence 
equation  (3-30)  means  that  the  amplitudes  of  the  surface  waves  on  both  surfaces 
are  equal,  which  was  to  be  expected  due  to  the  symmetry  of  the  problem. 
Solving  (3.31)  and  (3.7-2)  we  find  that 


(3-33)   c2  = 


h  Y3  ni 


^Z 


.  2 


5     "{(i>^  "  i$   >) 


I2/3+  >'3  ke   3  In  h 


l/3j 


(3-3^)     c3  =  -  2"/3  « 


lkgJ  ?  Tl/3-  X  J2/l   ] 


,  (tffi?  .  y5>)  x      +y^ke   13 


V? 


) 


(j  yC2+x2-x) 


Here  I    is  the  elementary  function  given  in  equation  (3.l6).   The  amplitude 
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of  the  surface  wave  in  the  third  quadrant  is  given  by  c  ;  the  amplitude  of  the 
surface  wave  in  the  first  quadrant  is  given  by  cu/[i-   /^  +^  ~  ^  /  • 

If  —  is  small,  the  above  results  simplify.  Keeping  terms  of  the  same 
order  we  find  that 

(3.35)    cp  =  i*  (1  -  -^  )  Xk 

(5-36)    c5  =  in  - 


(3-37)    c^  =  -  «X 

where  we  have  used  the  following  approximate  expressions  for  I    /,  and  Ip/v 

(3.58)  Il/3«I(l-i-) 

(3.39)  r2/3*IU  "  "^ 

(See  Appendix  II.)  We  note  that  the  amplitude  of  the  surface  wave  is  given  by 
|n  —  I .  The  ratio  of  the  amplitude  of  the  surface  wave  on  the  wedge  surface 
to  that  on  the  plane  surface  is  given  by  —  provided  r  is  small. 

We  next  treat  the  case  in  which  r  is  large.  Keeping  terms  of  the 
same  order  we  find  that 

p*       k2      x  kft 
2   V3  5V^    (1  -  i//3  )   k 

(3A1) 


'5   (l-i)(l-  i/V3) 
(3.^2)      c,  = ^ . 

*       (1-1/ V5) 

We  have  used  the  following  approximate  expressions  which  are  derived  in  Appendix  II: 
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frr     I  ->  t  e     2        /2%l/3  1 

(3A5)        V?  *  "  x  fi  (^       ^75 

^  ii.\  r  •   2     ^2/3     1 

(3.H)         r2/5—  x-(-)       -^    . 

We  note  that  the  amplitude  of  the  surface  wave  is  given  by  n  y^ 

The  ratio  of  the  amplitude  of  the  surface  wave  on  the  wedge  surface  to 

that  on  the  plane  surface  is  given  by  -y-  provided  that  —  is  large. 

k .    Determination  of  the  radiated  far  fields . 

We  first  determine  the  radiated  far  field  expression  for  the  case  of  a 
magnetic-line  dipole  source  located  on  a  plane  surface.  From  (2.6)  and  (2.10) 
we  have 

(k.l)  v  =  (^4  X)u 

and 

(k.2)  v  =  c  H$1'(kr)sin  8 

o  1 

where 

(4.3)     c  =  -kc,  =  -ink  . 
o      1 


When  kr  is  large  (4.2)  becomes 


Kkr-  &   ) 


2* 


f2~~     ^K1  k      > 
(k.k)  v  =  -  ink  y-T—  e         sin  © 


We  expect  the  far  field  of  the  z-component  of  the  magnetic  field  vector  u  to 
have  a  similar  form.  Hence 


(4.5)  u  .  JM   eikr 

where  1(B)   is  unknown. 
Now 

(4.6)  R  =  cos  6  ^  -  i  Bin  6  |g 


-   22 


(4.7)  ^     =  sine|;     +i     cos  0^     . 

-1/2 
Substituting  into  (4.1)   and  keeping  terms  of  order  r  ,   we  obtain 


Hence 

_      ik(r-  ?   ) 

kr     (ik  sin  ©  +  X) 


/1    ^\  \/2rt  ik  sin  9 

(4.9)  u  =Yr-     /..       .      Q    .    .1      e 


When  r     is  small  the  far  field  is  given  by 

__       ik(r-  ^   ) 
(4.10)  u  =yg     e  (1  -   X/ik  sin  9)  ST  in  HQ(kr)(l  -    -k  ^  Q   ) 

provided  0^0,  n.  The  first  factor  is  the  field  of  the  incident  source. 
When  -  is  large  the  far  field  is  given  by 

A 


JS  k       ik(r"  ?  > 

(4.11)  u  =yg  (f)  sin  0  e         . 

We  next  determine  the  radiated  far  field  expression  for  the  case  of  a 
magnetic  line  dipole  located  at  the  corner  of  a  right  angled  wedge.  From  (3-3)> 
(3.4)  and  (3.9)  we  have 

(4.12)  v  =  (^  +  X)(|j  -  X)u 
and 

(4.13)  v  =  e^^krjfifn  20  +  c2H^(kr)sin  y   . 

When  kr  is  large  (4.13)  becomes 

tj-     i(kr-  jj£)  /T-  i(kr-  g) 

(4.14)  v  =  c  y-f-  e      4  sin  20  +  c0  V-f-  e      ^   sin  fS  . 

v    '       o  /  nkr  2  f nkr  3 

We  expect  the  far  field  of  the  z-component  of  the  magnetic  field  veetor  u 

to  have  a  similar  form,  except  that  it  contains  surface  wave  terms,  which  are 
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appreciable  only  near  the  wedge  surfaces. 
Hence 


(4.15) 


u  = 


-Lei  eikr  +  0(  i  } 


+   surface  waves 


where  m(e)  is  unknown.   If  we  substitute  (4 .6) ,  (4.7),  (4.l4)  and  (4.15)  into 

."1/2 


(4.12),  and  keep  terms  of  order  r    ,  we  obtain 
(4.16)  m(e)  =)/^  ■& 


r.   0rt        _1i2   .   29 

sm  29  +  c.e     sin  — 


(ik)2+ikX(cos  6  -  sin  0)  -  X^ 


When  -  is  small  the  far  field  is  given  by 


(4.17)    u 


_vl£  (mJl 


Kkr-  ^) 


kr 


sin  20  , 


and  when  -  is  large  the  far  field  is  given  by 

K. 

(  l8)     u  "fe  WjJ  x  ~ 


It  is  worth  noting  that  (4.l6)  shows  that  ss{e)=0  when  0=0  or  when 
0=  ^  .   Hence,  from  (4.15)  the  radiated  field  of  u  is  0(r  '  )  on  the  wedge 
surfaces,  so  that  the  surface  wave  terms  soon  predominate.   The  fact  that  the 
radiated  field  is  0(r  '  )  at  the  wedge  surfaces  is  a  natural  consequence  of 
the  boundary  condition  and  is  independent  of  the  wedge  angle.   Indeed,  at  the 
horizontal  and  vertical  wedge  surfaces,  ^-  =  +  -  ^r  ,  and  then  (4.15)  shows 
that  ^—  vanishes  more  rapidly  than  does  u.   Hence,  in  order  to  fulfill  the 
boundary  condition,  the  function  m(0)  must  vanish  on  the  wedge. 
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Appendix  _I 

Calculation  of  the   integrals   H     and  J 

The   integrals  H  and  J  are  defined  as  follows : 

rO  oo2ir 

(        -Xrfcos   0  -  sin  9)tT(l),1     *          a   ,    ,a    f  (      -Xr(cos9-sin9)TT(l),.     x        .    .    ., 

e  El      (kr)cos  9rdrd9-            e                              H:      (kr)cos9rdrd£ 

if  io)|s 

-Xr(cos9-sin9)TT(l),,     x    .      29      ,    ,n      C  f  -Xr(cos9-sin9)_(l) ,.     N    .    29      ,    ,„ 
e        v  'H;, /'(kr)sin  —  rdrd9-  e  H^  /^(kr)sin^-  rdrd9 


f 


Let  us  first  consider  H.   By  changing  the  range  of  integration  of  the 

9-variable  in  both  integrals  to  the  first  quadrant  we  obtain 

n  it 

od   2  oo   2 

f    f    -Xr(cos9+sin9)TT(l)/.     \    .      n       ACS    (    \     -Xr(cos9+sin9)TT(l)/.     x    .      _,    ,_ 
H  =  e  Bj      (kr)sin  9rdrd9-  e       v  Bj    '(kr)sm  9rdrd9 


or 

H  =  0. 

We  next  consider  J.  By  changing  the  range  of  integration  in  both  integrals 
as  before,  and  combining,  we  obtain 

po  2 

T  JZ    f     f      -Xr(cos  9  +  sin  9)TT(l)/,  x    2  ,_    *  ,  ,Q 
J  =  y3    i     e  'Hp /'(kr)cos  -   (9  -  n)rdrd9  . 

'o   V 
By  making  the  change  of  variable  ty  =  9  -  -r  ,   the  above  equation  becomes 

rdr 


J  =  Y5   j  H^(kr)  1  e'X^T   COS  *sin  f  m 


J 


But  the  integrand  of-  the  above  is  an  odd  function  of  t  and  hence 
J  =  0. 
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Appendix  IT 


Limiting  expressions  for  I 


We  wish  to  determine  limiting  expressions  Tor  the  following  integral  for 
small  and  large  values  of  r-  : 


.CD 


e-xt  H(i)(kt)dt  m 

v 


Suppose  that  —  is  small.   Using  (3-16)  we  can  write  I  in  the  form 


I     = 
v 


rfpl 


L'  'k 


y^ 


k^J 

/1  +  — : "\cos  vrt 


sin  vji 


k  y(f ) 


(i)+>f|? 


+  1 


2v 


J 


Now  for  small  values  of  r-  we  have 

k 


/(f)2 +  1  ^(5)  -1. 


Hence 


v  k   sin  vrt 


ivjt  J      _1  2 
e         +  e 


When  v  =  —  , 

3 


[l/3 


l 
k 


1  -  i  ±- 

_  V3_ 


and  when  v     =     — 


3   ' 


L2/3 


1 

k 


1  -   i 


if\ 


Suppose  next  that  -  is   large.      We  can  write   I     in  the  form 

K  V 


26 


£ 


.  <  Yx^k2-x)v    J1  +  _ 


kvy! 


x2+k2 


Gin  vjt 


cos    VJt 


(x+/k2+x2) 

.  2v 


2v— » 


J 


Now 


^ 


A  +  (t 


k"-     =     X 


)        «**    X 


/x2  +  k2     -  X  =  X 


{^1 


)*     -   If  ~  0 


^TT2  +  x  =  x  I  A^TTf)2  + 1] 


C'X 


and  the  expression  for  I     reduces  to 
-r     _         -i         1     /2\sV 


v         sm  vn 
When  v  <=  1/3 


12     ,2^       1 
Xl/3  '       '  ^     %)  ^7J 


/J 


and  when  v  =  2/3 


2        2  2/3        1 
X2/3  =     "  yj     (Tc}  775 


[l]      Barlow,   H.   M.,    and 
A.   L.    Cullen 

[2]      Barlow,   H.  M.,   and 
A.  E.  Karboviak 


[3]      Bazer,   J.,   and 
S.  N.  Karp 


[h]  Brick,   D.   B. 

[5]  Cullen,   A.   L. 

[6]  Felsen,   L.   B. 

[7]  Felsen,   L.    B. 


03     Fernando,  W.  M.   G. 
and  H.  M.   Barlow 


[9]      Friedman,   B. ,    and 
W.  E.  Williams 


[lO]   Grunberg,   G.  A. 

[ll]   Karal,   F.    C,    and 
S.   N.  Karp 


-  27  - 

References 
-  Surface  waves;  Proc.  I.E.E. 
329  (1953). 


100,  Pt.  3, 


-  An  experimental  investigation  of  the 
properties  of  corrugated  cylindrical 
surface  waveguides;  Proc.  I.E.E.,  101, 
Pt.  3,  182  (195*0 

-  Propagation  of  plane  electromagnetic  waves 
past  a  shoreline;  N.Y.U.,  Inst.  Math.  Sci., 
Div.  EM  Res.,  Research  Report  No.  EM  -  h6, 
July,  1952. 

-  The  radiation  of  a  hertzian  dipole  over  a 
coated  conductor;  Proc.  I.E.E.,  102 C,  392 
(195*0. 

-  The  excitation  of  plane  surface  waves; 
Proc.  I.E.E.,  101,  Pt.  k,   225  (195*0. 

-  Diffraction  by  an  imperfectly  conducting 
wedge;  MCGill  Symposium,  1953. 

-  Field  solutions  for  a  class  of  corrugated 
wedges  and  cone  surfaces;  Polytech.  Inst,  of 
Brooklyn,  Memo  No.  32,  July,  1957- 

-  An  investigation  of  the  properties  of 
of  radial  cylindrical  surface  waves 
launched  over  flat  reactive  surfaces; 
Proc.  I.E.E.,  103B,  307  (1956). 

-  Excitation  of  surface  waves;  Proc.  I.E.E., 
105C,  252  (1958).  Also,  N.Y.U.,  Inst.  Math. 
Sci.,  Div.  EM  Res.,  Research  Report  No.  EM-99, 
Dec,  1951*-. 

-  Suggestions  for  a  theory  of  coastal  refrac- 
tion; Phys.  Rev.,  63_,  185  (19^3)- 

-  Diffraction  of  a  skew  plan  electromagnetic 
wave  by  an  absorbing  right  angle  wedge; 
Coram.  Pure  Appl.  Math,  to  appear  shortly. 
Also,  N.Y.U.,  Inst.  Math.  Sci.,  Div.  EM  Res., 
Research  Report  NO.  EM- 111,  Feb.,  1958. 


-  28  - 


[12]  Karp,  S.N. 


[13]  Lewy,  H. 

[lit]  Magnus,  W.  and 

F.  Oberhettinger 

[lS]  Senior,  T.B.A. 


[l6j  Peters,  A.S. 


[l7j  Stoker,  J.J, 


-  Two  dimensional  Green's  function  for  a 
right  angled  wedge  under  an  impedance 
boundary  condition j  to  appear. 

-  Waves  on  sloping  beaches j  Bull.  A. M.S., 
52,  737  (19U6). 

-  Formulas  and  Theorems  for  the  Special 
Functions  of  Mathematical  Physics,  2nd  Ed.; 
Berlin,  Springer,  19U8. 

-  Diffraction  by  an  imperfectly  conducting 
wedge j  U.  of  Mich.,  Eng.  Res.  Inst., 
Scientific  Report  No.  2,  Oct.,  1957. 

-  Water  waves  over  sloping  beaches  and  the 
solution  of  a  mixed  boundary  value  problem 
for£>  f-k  I  «  Oin  a  sector  j  Comra.  Pure 
Appl.  Math.,  5,  87  (1952). 

-  Surface  waves  in  water  of  variable  depth j 
Quarterly  of  Appl.  Math.,  5,  1  (I9li7). 


DL  -  1 

DISTRIBUTION  LIST   FOR  RESEARCH  REPORTS 


Commander 

Air  Research  and  Development  Command 

Andrews  Air  Force  Base 

Washington   25,    D.   C, 

Attn:      Major  E.  Wright,    RDTCC 

Director  of  Resident  Training 
33o*Oth  Technical  Training  Group 
Keesler  Air  Force  Base,   Mississippi 
Attni  OA-3011  Course 

Director 

Air  University  Library 

Maxwell  Air  Force  Base,  Alabama 

Commander 

Air  Force  Missile  Test  Center 
Patrick  Air  Force  Base,  Florida 
Attn:   MTE  -  for  classified  documents 
Attn:  MU-Ull,  Technical  Library  -  for 
unclassified  documents 

Tactical  Air  Group 

Directorate  of  Research  and  Development 

DCS/D 
Headquarters,  USAF 
Washington,  D.  C, 
Attn:  Major  R.  L.  Stell 

Director,  Communications  and  Electronics 
Hq.  U.  S.  Air  Force 
Washington  25,  D.  C. 
Attni  AFOAC  S/£ 

Commander 

Wright  Air  Development  Center 
Wright-Patterson  Air  Force  Base,   Ohio 
Attn:     WCLRS-6,   Mr.  Portune 

Wright  Air  Development  Center 
Wright-Patterson  Air  Force  Base,   Ohio 
Flight  Research  Laboratory 
Research  Division 
Attn:     WCRRA 


Contract  No.   AF  19(60u)1717 
(ONE  copy  unless  otherwise  noted) 

Director 

Evans  Signal  Laboratory 

Belmar,  New  Jersey 

Attn:  Mr.  0.  C.  Woodyard 


(5)  Hq.  Air  Force  Cambridge  Research  Center 
Laurence  G.  Hanscom  Field 
Bedford,  Mass. 
Attn:  CRRD 


Commander 

Wright  Air  Development  Center 
Wright-Patterson  Air  Force  Base, 
Attn:     N.   Draganjac,   WCLNQ-lj 


U.  S.  Array  Signal  Engineering  Labs. 

Evans  Signal  Laboratory 

Belmar,   New  Jersey 

Attn:     Technical  Document  Center 

Massachusetts  Institute  of  Technology 
Signal  Corps  Liaison  Officer 
Cambridge  39,   Mass. 
Attn:     A.   D.   Bedrosian,    Room  26-131 

Commanding   General,    SIGFM/EL-PC 
U.   S.   Army  Signal  Engineering  Labs. 
Fort  Monmouth,    New  Jersey 
Attn:     Dr.   Horst  H.   Kedesdy 

Deputy  Chief,   Chem-Physics  Branch 

Commander 

Army  Rocket  and  Guided  Missile  Agency 

Redstone  Arsenal,    Alabama 

Attn:     Technical  Library,   ORDXR-^TL 

Commanding   General 

U.  S.  Army  Signal  Engineering  Labs. 

Fort  Monmouth,    New  Jersey 

Attn:      SIGFM/EL-AT 

Department  of  the  Army 

Office  of  the  Chief  Signal  Officer 

Washington  25,   D.  C. 

Attn:     SIGRD-7 

Office  of  Chief  Signal  Officer 
Engineering  and  Technical  Division 
Washington  25,   D.  C. 
Attn:     SI0NET-5 

Guided  Missile  Fuze  Library 
Diamond  Ordnance  Fuze  Laboratories 
Washington  25,   D.  C. 
Attn:     R.   D.   Hatcher,   Chief  Microwave 

Development  Section 


Commander 

Wright  Air  Development  Center 

Wright- Patterson  Air  Force  Base,   Ohio       (2 

Attni     Mr.   Paul  Springer.   WCLRE-5 

Commander 

Air  Technical   Intelligence  Center 
Wright-Patterson  Air  Force  Base,   Ohio 
Attn:      AFCIN-UBia 

Commander 

Rome  Air  Development  Center 
Griffiss  Air  Force  Base,   New  York 
Attn:     RCSSTL-1 

Commander 

Rome  Air  Development  Center 
Griffiss  Air  Force  Base,   New  York 
Attn:     Mr.   Donald  Dakan,   RCUE 


hio    (lO)Arraed  Services  Technical  Information 
Agency 
Arlington  Hall  Station 
Arlington  12,    Virginia 


Commander 

Rome  Air  Development  Center  (ARDC) 
Griffiss  Air  Force  Base,  New  York 
Attn:  Dr.  John  S.  Burgess,  RCE 

Commander 

Air  Force  Missile  Development  Center 
Holloman  Air  Force  Base,  New  Mexico 
Attn:  HDOIL, -Technical  Library 

Director 

U.   S.  Army  Ordnance 

Ballistic  Research  Laboratories 

Aberdeen  Proving  Ground,  Marvland 

Attn:  Ballistic  Measurements  Laboratory 

Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Maryland 
Attn:  Technical  Information  Branch 


(?) 


)Library 

Boulder  Laboratories 
National  Bureau  of  Standards 
Boulder,  Colorado 

National  Bureau  of  Standards 
Department  of  Commerce 
Washington  25,  D.  C. 
Attn:  Mr.  A.  G.  McNish 

National  Bureau  of  Standards 

Department  of  Commerce 

Washington  25,  D.  C. 

Attn:  Gustave  Shapiro,  Chief 

Engineering  Electronics  Section 
Electricity  and  Electronics  Div. 

Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.  C. 
Attn:  Technical  Reports  Section 
(Unclassified  only) 

Director 

National  Security  Agency 
Washington  25,   D.  C. 
Attn:      R/D    (33D 

Ho.  Air  Force  Cambridge  Research  Center 

Laurence  G.   Hanscom  Field 

Bedford,   Mass. 

Attn:     CROTLR-2  -   P.   Condon 


(5)Hq.  Air  Force  Cambridge  Research  Center 
Laurence  G.   Hanscom  Field 
Bedford,    Mass. 
Attn:      CROTLS  -   J.   Armstrong 


(2) 


Director,  Avionics  Division  (AV) 
Bureau  of  Aeronautics 
Department  of  the  Navy 
Washington  25,  D.  C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Mr.  E.  Johnston,  Code  R33E 

Commander 

U.  S.  Naval  Air  Missile  Test  Center 

Point  Mugu,  California 

Attn:  Code  366 

U.   S.  Naval  Ordnance  Laboratory 
White  Oak 

Silver  Spring   1°,    Maryland 
Attn:     The  Library 

Commander 

U.  S.  Naval  Ordnance  Test  Station 

China  LaJ<e,  California 

Attn:  Code  753 

Librarian 

U.  S.  Naval  Postgraduate  School 

Monterey,  California 

Air  Force  Development  Field  Representative 
Naval  Research  Laboratory 
Washington  25,  D.  C. 
Attn:  Code  1072 

Director 

U.  S.  Naval  Research  Laboratory 

Washington  25,  D.  C. 

Attn:   Code  2027 

Dr.  J.  I.  Bohnert,  Code  5210 

U.  S.  Naval  Research  L?boratory 

Washington  2?,  D.  C.  (Unclassified  only} 

Classified  to  ^e  sent  to: 

Director 

U.  S.  Naval  Research  Laboratory 

Attn:  Code  5200 

Washington  25,  D.  C. 

Commanding  Officer  and  Director 

U.  S.  Navy  Underwater  Sound  Laboratory 

Fort  Trumbull,  New  London,  Connecticut 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Code  U27 

Commanding  Officer  and  Director 

U.  S.  Navy  Electronics  Laboratory  (Library) 

San  Diego  52,  California 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Code  Ad3 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Surface  Guided  Missile  Branch 
Washington  25,  D.  C, 
Attn:  Code  ReSl-e 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:   Fire  Control  Branch  (ReSM 

Department  of  the  Navy 

Bureau  of  Aeronautics 

Technical  Datp  Division,  Code  L106 

Washington  25,  D.  C. 

Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.  C. 
Attn:  Code  817B 


Commanding  Officer 

U.   S.    Naval  Air  Development  Center 

Johnsville,    Pennsylvania 

Attn:   NADC  Library 

Commander 

U.   S.  Naval  Air  Teat  Center 
Patuxent  River,   Maryland 
Attn:     ET-315,    Antenna  Branch 

Director 

Naval  Ordnance  Laboratory 

Corona,    California 

Commanding  Officer 

U.  S.  Naval  Ordnance  Laboratory 

Corona,  California 

Attn:  Mr.  W.  Horenstein,  Division  72 

Airborne  Instruments  Laboratory,  Inc. 

160  Old  Country  Road 

Mineola,  New  York 

Attn:  Dr.  E.  G.  Fubini,  Director 

Research  and  Engineering  Division 

Aircom,  Inc. 
35b  Main  Street 
Winthrop,  Mass. 

American  Machine  and  Foundry  Company 

Electronics  Division 

1085  Commonwealth  Avenue 

Boston  15,  Mass. 

Attn:  Mrs.  Rita  Moravcsik,  Librarian 

Andrew  Alford,  Consulting  Engineers 
299  Atlantic  Avenue 
Boston  10,  Mass. 

Avion  Division 
ACF  Industries,  Inc. 
800  No.  Pitt  Street 
Alexandria,  Virginia 
Attnt  Library 

Battelle  Manorial  Institute 

50?  King  Avenue 

Attn:  Wayne  E.  Rife,  Project  Leader 

Electrical  Engineering  Division 

Columbua  1,  Ohio 

Bell  Aircraft  Corporation 

Post  Office  Box  One 

Buffalo  5,  New  York 

Attn:  Eunice  P.  Hazelton,  Librarian 

Bell  Telephone  Laboratories,  Inc. 

Whippany  Laboratory 

Whippany,  New  Jersey 

Attn:  Technical  Information  Library 

Pacific  Division 

Bendix  Aviation  Corporation 

11600  Sherman  Way 

North  Hollywood,  California 

Engineering  Library 

Attn:  Peggie  Robinson,  Librarian 

Bendix  Radio  Division 

Bendix  Aviation  Corp. 

E.  Joppa  Road 

Towson  la,  Maryland 

Attn:  Dr.  D.  M.  Allison,  Jr. 

Director  Engineering  and  Research 

Boeing  Airplane  Company 

Pilotless  Aircraft  Division 

P.O.  Box  3707 

Seattle  2b,  Washington 

Attn:     R.R.  Barber,   Library  Supervisor 

Boeing  Airplane  Company 

Wichita  Division  Engineering  Library 

Wichita  1,  Kansas 

Attn:  Kenneth  C.  Knight,  Librarian 

Boeing  Airplane  Company 

Seattle  Division 

Seattle  lb,  Washington 

Attn:  E.T,  Allen,  Library  Supervisor 

BJorksten  Research  Labs,  Inc. 

P.  0.  Box  265 

Madison,  Wisconsin 

Attn:     Mrs.   Fern  B.   Korsgard 


Convair,    A  Division  of  General  Dynamics 

Corp. 
Fort  Worth,   Texas 

Attn:      K.G.   Brown,    Division  Research 
Librarian 

Convair,    A  Division  of  General  Dynamics 

Corp. 
San  Diego  12,   California 
Attn:     Mrs.  Dora  B.  Burke, 

Engineering  Librarian 

Cornell  Aeronautical  Laboratory,    Inc. 
bb55  Genesee  Street 
Buffalo  21,   New  York 
Attn:     Librarian 

Dalrao  Victor  Company 
A  Division  of  Textron,    Inc. 
1515  Industrial  Way 
Belmont,   California 
Attn:     Mary  Ellen  Addems, 
Technical  Librarian 

Dome  and  Margolin,    Inc. 
29  New  York  Avenue 
Westbury,   Long   Island,   N.  Y. 

Douglas  Aircraft  Company,    Inc. 

P.O.   Box  200 

Long  Beach  1,   California 

Attn:     Engineering  Library  (C-250) 

Douglas  Aircraft  Co.,    Inc. 
827  Lapham  Street 
El  Segundo,   California 
Attn:     Engineering  Library 

Douglas  Aircraft  Company,    Inc. 
3000  Ocean  Park  Boulevard 
Santa  Monica,   California 
Attn:     P.T.  Cline 

Eq.   Sec.   Reference  Files, 

Eq.    Eng.    A250 

Douglas  Aircraft  Company,    Inc. 
2AO0  North   Memorial   Drive 
Tulsa,   Oklahoma 
Attn:     Engineering  Library,   D-250 

Electronics  Communication,    Inc. 
3830  York  Road 
Timonlum,   Maryland 

Emerson  and  Cuming,    Inc. 
869  Washington  Street 
Canton,   Mass. 
Attn:     Mr.  W.  Cuming 

Emerson  Electric  Mfg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,   Missouri 

Attn:  Mr.  E.R.  Breslin,  Librarian 

Sylvania  Elec.  Prod.  Inc. 
Electronic  Defense  Laboratory 
P.O.  Box  205  -  (Unci) 
Mountain  View,  California 
Attn:  Library 

Fairchild  Aircraft  Division 
Fairchild  Eng.  and  Airplane  Corp. 
Hagerstown,  Maryland 
Attn:  Library 

Farnsworth  Electronics  Company 
3700  East  Pontiac  Street 
Fort  Wayne  1,  Indiana 
Attn:  Technical  Library 

Federal  Telecommunication  Labs. 
500  Washington  Avenue 
Nutley  10,  New  Jersey 
Attn:  Technical  Library 

The  Gabriel  Electronics 
Division  of  the  Gabriel  Company 
135  Crescent  Road 
Needham  Heights  9b,  Mass. 
Attnt  Mr.  Steven  Galagan 


General  Electric  Advanced  Electronics  Center 
Cornell  University 
Ithaca,  New  York 
Attn:   J.  B.  Travis 

General  Electric  Company 

Electronics  Park 

Syracuse,   New  York 

Attn:      Documents  Library,   B.    Fletcher 

Building  3-lli3A 

General  Precision  Laboratory,  Inc. 

63  Bedford  Road 

Pleasantville,  New  York 

Attn:  Mrs.  Mary  G.  Herbst,  Librarian 

Goodvear  Aircraft  Corp. 

1210  Massillon  Road 

Akron  15,  Ohio 

Attn:     Library  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Grav,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Rallicrafters  Company 

UbOl  West  5th  Avenue 

Chicago  2b,  Illinois 

Attn:     La Verne  LaGioia,   Librarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Microwave   Laboratory 
Building  12,    Room  2617 
Culver  City,   California 
Attn:      M.    D.    Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn:  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
7?  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowitz 
Technical  Librarian 

International  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:   Mr.  C.F.  McElwain,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn:  Mr.  D.  I.  Marr,  Librarian 
Department  U5Q 

International  Resistance  Company 
UOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,    Inc. 
1339  Wisconsin  Avenue,   N.  W. 
Washington  7,   D.  C. 
Attn:     Mr.   Delmer  C.   Ports 

Dr.   Henry  Jasik,   Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,   New  York 

Electromagnetic  Research  Corporation 
711  Uith  Street,   N.  W. 
Washington  5,   D.  C. 
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Lockheed  Aircraft  Corporation 

2555  N.  Hollywood  Way 

California  Division  Engineering  Library 

Department  72-75,  Plant  A-l,  Bldg.  63-1 

Burbank,  California 

Attnt   N.  C.  Harnois 

The  Martin  Company 

P.  0.  Box  179 

Denver  1,  Colorado 

Attn:   Mr.  Jack  McCormick 

The  Glenn  L.  Martin  Company 
Baltimore  3,  Maryland 
Attn:  Engineering  Library 
Antenna  Design  Group 

Marvland  Electronic  Manufacturing  Corp. 
<009  Calvert  Road 
College  Park,  Maryland 
Attn:  Mr.  H.  Warren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W.  L.  Maxscn  Corporation 

U60  West  ?uth  Street 

New  York,  N.  T. 

*ttn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Saint-Louis  Municipal  Airport 

Box  516,   St.   Louis  3,   Missouri 

Attn:      R.   D.   Detrich,    Engineering  Library 

McMillan  Laboratory,    Inc. 

Brownville  Avenue 

Ipswich,   Massachusetts 

Attn:     Security  Officer,    Document  Room 

Melpar,  Inc.  (2) 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

Attn:  Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,  Massachusetts 
Attn:  N.  Tucker,  General  Manager 

Microwave  Radiation  Company  Inc. 

19223  South  Hamilton  Street 

Oardena,  California 

Attn:  Mr.  Morris  J.  Ehrlich,  President 

Chance  Vought  Aircraft,  Inc. 
931b  West  Jefferson  Street 
Dallas,  Texas 
Attn:  Mr.  H.  S.  White,  Librarian 


Northrop  Aircraft,  Inc. 
Hawthorne,  California 
Attn:  Mr.  E.  A.  Freitas, 
1001  E.  Broadway 


Library  DeptJlii5 


Remington  Rand  Univ.  -  Division  of  Sperry 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pennsylvania 
Attn:  Mr.  John  F.  McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,    Inc. 
1221h  Lakewood  Boulevard 
Downey,   California 
Attn:     Engineering  Library  U95-115 

North  American  Aviation,    Inc. 
Los  Angeles  International  Airport 
Los  Angeles  h$,    California 
Attn:     Engineering  Technical  File 

Page  Communications  Engineers,    Inc. 
710  Fourteenth  Street,   Northwest 
Washington  5,   D.  C, 
Attn:     Librarian 

Philco  Corporation  Research  Division 

Branch  Library 

li700  Wissachickon  Avenue 

Philadelphia  hk,    Pa. 

Attn:     Mrs.  Dorothy  S.  Collins 


Pickard  and  Burns,    Inc. 

2lj0  Highland  Avenue 

Needhan  9u,   Mass. 

Attn:     Dr.   J.  T.   DeBettencourt 

Polytechnic  Research  and  Development 

Company,    Inc. 

202  Tillary  Street 

Brooklyn  1,    New  York 

Attn:     Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Haynard,    Mass. 
Attn:      Dr.    John  Ruze 

Radiation,  Inc. 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn:  Technical  Library,  Mr.  M.L.  Cox 

Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:   P.  S.  Carter,  Lab.  Library 

RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attn:  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Products 
3uilding  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organization 

of  Chief  Technical 

Administrator 

The  Ramo-Wooldridge  Corporation 
P.O.  Box  h5'i53  Airport  Station 
Los  Angeles  N5,  California 
Attn:  Margaret  C.  Whitnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,  Marvland 

Director,  DSAF  Project  RAND 

Via:  Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,  California 

Rantec  Corporation 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,  Mass. 
Attn:  Mr.  Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory,  State  Road 
Wa viand,  Mass. 
Attn:  Mr.  Robert  Borts 

Raytheon  Manufacturing  Comoany 
Wayland  Laboratory 
Wayland,  Mass. 

Attn:  Miss  Alice  G.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farmingdale,  Long  Island,  N.  Y. 
Attn:  Engineering  Library 

Thru:  Air  Force  Dlant  Representative 
Republic  Aviation  Corp. 

Farmingdale,  Long  Island,  N.Y. 

Rheem  Manufacturing  Company 
9236  East  Hall  Road 
Downey,  California 
Attn:   J.  C.  Joerger 

Trans-Tech,  Inc. 
P.  0.  Box  3U6 
Frederick,  Maryland 


Ryan  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,  California 
Attn:   Library  -  unclassified 

Sage  Laboratories 
159  Linden  Street 
Wellesley  81,  Mass. 

Sanders  Associates 
95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  N.  R.  Wild,  Library 

Sandia  Corporation,  Sandia  Base 

P.O.  Box  5R00,  Albuquerque,  New  Mexico 

Attn:  Classified  Document  Division 

Sperry  Gyroscope  Company 

Great  Neck,  Long  Island,  New  York 

Attn:  Florence  W.  Turnbull,  Engr.  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attn:  Library,  Engineering  Division 

Sylvania  Electric  Products,  Inc. 
100  First  Avenue 
Walt ham  5U,  Mass. 

Attn:  Charles  A.  Thornhill,  Report  Librarian 
Walthan  Laboratories  Library 

Systems  Laboratories  Corporation 
lltft52  Ventura  Boulevard 
Sherman  Oaks,  California 
Attn:  Donald  L.  Margerum 

TRG,    Inc. 

17  Union  Square  West 

New  York  3,    N.  Y. 

Attn:     M.  L.   Henderson,    Librarian 

A.  S.  Thomas,  Inc. 

161  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 

Chu  Associates 
p.  0.  Box  3B7 
Whitcomb  Avenue 
Littleton,  Mass. 

Microwave  Associates,  Inc. 
Burlington,  Masa. 

Raytheon  Manufacturing  Company 
Missile  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  Laboratory 
225  Crescent  Street 
Walt ham,  Mass. 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50U,  Sunnyvale,  California 
Attn:   Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Dr.  W.  C.  Hoffman 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Command 

llith  Street  and  Constitution  Avenue 

Washington,   D.   C. 

Attn:      Mr.   Otting,    SRY 

Westinghouse  Electric  Corp. 
Electronics  Divdsion 
Friendship  Tnt'l  Airport  Box  7U6 
Baltimore  3,   Maryland 
Attn:     Engineering  Library 
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Wheeler  Laboratories,  Inc. 
122  Cutter  Mill  Road 
Great  Meek,  New  York 
Attn:   Mr.  Harold  A.  Wheeler 

Zenith  Plastics  Co. 
Box  91 

Gardens,  California 
Attn:  Mr.  3.  S.  Oleesky 

Library  Geophysical  Institute 
or  the  University  of  Alaska 
College 
Alaska 

University  of  California 

Berkeley  b,  California 

Attni  Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec.  Eng.  Electronics 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  h,   California 
Attn:  J.  R.  Whinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
bflOO  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Newlan 

California  Institute  of  Technology 
1201  E.  Calif orni  a  Street 
Pasadena,  California 
Attn:   Dr.  C.  Papas 

Carnegie  Institute  of  Technology, 
Schenley  Park 

Pittsburgh  13,  Pennsylvania 
Attn:   Prof.  A.  E.  Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn!  Prof.  C.  C  Dalman 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.  H.  Latour,  Library 

Library 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,  Georgia 

Attn:  Mrs.  J.H.  Crosland,  Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,  303A  Pierce  Hall 

Oxford  Street,  Cambridge  3*.  Mass. 

Attn:  Mrs.  E.L.  Hufschmidt,  Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,  Mass. 
Attn:  Dr.  Fred  L.  Whipple 

University  of  Illinois 
Documents  Division  Library 
Urbana,  Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,  Illinois 

Attn:  Dr.  P.  E.  Moyes,  Department  of 
Electrical  Engineering 

The   Johns  Hopkins  University 
Horoewood  Campus 
Department  of  Physics 
Baltimore  18,  Maryland 
Attn:  Dr.  Donald  E.  Kerr 

Sandia  Corporation 
Attn:     Organization  1^23 
Sandia  Base 
Albuiuerque,   New  Mexico 


Applied  Physics  Laboratory 
The  JohiP Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,   Maryland 
Attn:     Mr.   George  L.  Seielstad 

Massachusetts  Institute  of  Technology 

Research  Laboratory  of  Electronics 

Room  20B-221 

Cambridge  39,  Massachusetts 

Attn:   John  H.  Hewitt 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,    Mass. 

Attn:      Document   Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,    Michigan 
Attn:      J.   A.   Boyd,    Supervisor 

University  of   Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:     Prof.   K.   M.   Siegel 
912  N.  Main  St., 
Ann  Arbor,    Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsilanti,    Michigan 
Attn:     Librarian 

University  of  Minnesota 

Minneapolis   1U,    Minnesota 

Attn:  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:   R.  E.  Beam 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:  Dr.  T.E.  Tice 

Dept.  of  Elec.  Engineering 

The  University  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attni  Prof.  C.  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

?5  Johnson  Street 

Brooklyn,  New  York 

Attn:  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A.  E.  Laemmel 

Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec.  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr.  John  R.  Gerhardt 
Assistant  Director 

The  University  of  Texas 

Defense  Research  Laboratory 

Austin,  Texas 

Attn:  Claude  W.  Horton,  Physics  Library 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

Attn:  Prof.  0.  Sinclair 


Lowell  Technological  Institute 
Research  Foundation 
P.  0.  Box  709,  Lowell,  Mass. 
Attn:  Dr.  Charles  R.  Mingins 

University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5,  Washington 

Attn:  G.  Held,  Associate  Professor 

Stanford  University 
Stanford,  California 
Attn:  Dr.  Chodorow 

Microwave  Laboratory 

Physical  Science  Laboratory 

New  Mexico  College  of  Agriculture 

and  Mechanic  Arts 

State  College,   New  Mexico 

Attn:     Mr.  H.  W.   Haas 

Brown  University 
Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr.  C.  M.  Angulo 

Case  Institute  of  Technology 

Cleveland,  Ohio 

Attn:   Prof.  3.  Seeley 

Columbia  University 

Department  of  Electrical  Engineering 

Morningside  Heights 

New  York,  N.  Y. 

Attn:  Dr.  Schlesinger 

McGill  University 

Montreal,  Canada 

Attn:  Prof.  0.  A.  Woonton 

Director,  The  Eaton  Electronics 

Research  Lab. 

Purdue  University 

Department  of  Electrical  Engineering 

Lafayette,  Indiana 

Attn:  Dr.  Schulta 

The  Pennsylvania  State  University 
Department  of  Electrical  Engineering 
University  Park,  Pennsylvania 

University  of  Pennsylvania 

Institute  of  Cooperative  Research 

3U00  Walnut  Street 

Philadelphia,  Pennsylvania 

Attn:  Dept.  of  Electrical  Engineering 

University  of  Tennessee 
Ferris  Hall 

W.  Cumberland  Avenue 

Knoxville  16,  Tennessee 

University  of  Wisconsin 
Department  of  Electrical  Engineering 
Madison,  Wisconsin 
Attn:  Dr.  Schelbe 

University  of  Seattle 

Department  of  Electrical  Engineering 

Seattle,  Washington 

Attn:  Dr.  D.  K.  Reynolds 

Wayne  University 

Detroit,  Michigan 

Attn:  Prof.  A.  F.  Stevenson 

Electronics  Research  Laboratory 
Illinois  Institute  of  Technology 
3300  So.  Federal  Street 
Chicago  16,  Illinois 
Attn:  Dr.  Lester  C.  Peach 
Research  Engineer 

Advisory  Group  on  Electronic  Parts 

Room  103 

Moore  School  Building 

200  Sooth  33rd  Street 

Philadelphia  h,    Pennsylvania 
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Ionosphere  Research  Laboratory 

Pennsylvania  State  College 

State  College,  Pennsylvania 

ATTNi  Professor  A.  H.  Waynick,  Director 


Institute  of  Mathematical  Science 
25  Waverly  Place 
New  York  3,  New  York 
ATTN:  Librarian 

Electronics  Division 
Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
ATTN:  Dr.  Robert  Kalaba 

National  Bureau  of  Standards 

Washington,  D.  C. 

ATTN:  Dr.  W.  K.  Saunders 

Applied  Mathematics  and  Statistics  Lab. 

Stanford  University 

Stanford,  aiifomia 

ATTN:   Dr.  Albert  H.  Bowker 

Department  of  Physics  and  Astronomy 
Michigan  State  College 
East  Lansing,  Michigan 
ATTN:  Dr.  A.  Leitner 

University  of  Tennessee 
Knoxvllle,  Tennessee 

ATTN:   Dr.  Fred  A.  Ficken 

Lebanon  Valley  College 
Annville,  Pennsylvania 
ATTN:  Professor  B.H.  Bissinger 

General  Atomic 

P.  0.  Box  608 

San  Diego  12,  California 

Attn:   Dr.  Edward  Gerjuoy 

Department  of  Physics 
Amherst  College 
Amherst,  Mass. 
ATTN:   Dr.  Arnold  Arons 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 
ATTN:  Dr.  A.  Erdelyi 

Mathematics  Department 

Stanford  University 
Stanford,  California 
ATTN:  Dr.  Harold  Levine 

University  of  Minnesota 

Minnpapolis  l'i,  Minnesota 

ATTN:  Professor  Paul  C.  Rosenbloom 

Department  of  Mathematics 

Stanford  University 

Stanford,  California 

ATTN:   Professor  Bernard  Epstein 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
ATTN:  Dr.  B.  S.  Oourary 

(2)Exchange  and  Gift  Division 
The  Library  of  Congress 
Washington  2?,  D.  C. 

Electrical  Engineering  Department 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Mass. 
ATTN:  Dr.  L.  J.  Chu 

Nuclear  Development  Associates,  Inc. 

5  New  Street 

White  Plains,  New  York 

ATTN:   Library 

California  Institute  of  Technology 

Electrical  Engineering 

Pasadena,   California 

ATTN:  Dr.  Zohrab  A.  Kaprielian 


(3) 


Dr.  Rodman  Doll 
311  W.  Cross  Street 
Ypsilanti,  Michigan 

California  Inst,  of  Technology 
Pasadena,  California 
ATTN:   Mr.  Calvin  Wilcox 

Mr.  Robert  Brockhurst 

Woods  Hole  Oceanographic  Institute 

Woods  Hole,  Mass. 

National  Bureau  of  Standards 
Boulder,  Colorado 
ATTN:  Dr.  R.  Gallet 

Dr.  Solomon  L.  Schwebel 

3689  Louis  Road 

Palo  Alto,  California 

University  of  Minnesota 
The  University  of  Library 
Minneapolis  lli,  Minnesota 
ATTN:  Exchange  Division 

Department  of  Mathematics 
University  of  California 
Berkeley,  California 
ATTN:   Professor  Bernard  Friedman 

Lincoln  Laboratory 

Massachusetts  Institute  of  Technology 

P.  0.  Box  73 

Lexington  73,  Massachusetts 

ATTN:  Dr.  Shou  Chin  Wang,  Room  C-351 

Melpar,  Inc., 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

ATTN:  Mr.  K.  S.  Kelleher,  Section  Head 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Mr.  Francis  J.  Zucker,  CRRD 

Hq.  Air  Force  Cambridge  Researoh  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Dr.  Philip  Newman,  CRRK 

Mr.  N.  C.  Gerson 

Trapelo  Road 

South  Lincoln,  Mass. 

Dr.  Richard  B.  Barrar 
Systems  Development  Corp. 
2b00  Colorado  Avenue 
Santa  Monica,  California 

Columbia  University  Hudson  Laboratories 
P.O.  Box  239 

1>45  Palisade  Street,  Dobbs  Ferry,  N.  Y. 
ATTN:  Dr.  N.  W.  Johnson 

Institute  of  Fluid  Dynamics 
and  Applied  Mathematics 
University  of  Maryland 
College  Park,  Maryland 
ATTN:  Dr.  Elliott  Montroll 

Department  of  Electrical  Engineering 

Washington  University 

Saint  Louis  5,  Mo. 

ATTN:   Professor  J.  Van  Bladel 

Department  of  the  Navy 

Office  of  Naval  Research  Branch  Office 

1030  E.  Green  Street 

Pasadena  1,  California 

Brandeis  University 
Waltham,  Mass. 
ATTN:  Library 


Smyth  Research  Associates 
3555  Aero  Court 
San  Diego  3,  California 
ATTN:  Dr.  John  B.  Smyth 

Electrical  Engineering 
California  Institute  of  Technology 
Pasadena,  California 
ATTN:  Dr tfeorgea  G.  Weill 

Naval  Research  Laboratory 

Washington  25,  D.  C. 

ATTN:     Henry  J.  Passerini,   Code  5279A 

Dr.   George  Kear 
5  Culver  Court 
Orlnda,   California 

Brooklyn  Polytechnic 

85  Livingston  Street 

Brooklyn,  New  York 

ATTN:  Dr.  Nathan  Marcuvita 

Department  of  Electrical  Engineering 
Brooklyn  Polytechnic 
85  Livingston  Street 
Brooklyn,  New  York 
ATTN:  Dr.  Jerry  Shmoys 


General  Electric  Company 
Mictowave  Laboratory 
Electronics  Division 
Stanford  Industrial  Park 
Palo  Alto,  California 
ATTN:  Library 


Department  of  Mathematics 
University  of  New  Mexico 
Albuquerque,  New  Mexico 
ATTN:  Dr.  I.  Kolodner 

Mathematics  Department 
Polytechnic  Institute  of  Brooklyn 
Johnson  and  Jay  Street 
Brooklyn,  New  York 
ATTN:  Dr.  Harry  Hochstadt 

Ballistics  Research  Laboratory 
Aberdeen  Proving  Grounds 
Aberdeen,  Maryland 
ATTN:  Dr.  Pullen  Keats 

Dr.  Lester  Kraus 
b935  Whitehaven  Way 
San  Diego,  California 

University  of  Minnesota 
Institute  of  Technology 
Minneapolis,  Minnesota 
Attn:  Dean  Athelston  Spilhaus 

Ohio  State  University 
Columbus,  Ohio 
Attn:  Prof.  C.  T.  Tai 
Department  of  Electrical  Eng. 

Naval  Research  Laboratories 

Washington  25,  D.  C. 

Attn:  W.  S.  Ament,  Code  5271 

Naval  Research  Laboratory 
Washington  25.  D.  C. 
Attn:  Dr.  Leslie  G.  McCracken,  Jr. 
Code  3 93 3 A 

Office  of  Naval  Research 
Department  of  the  Navy 
Attn:  Geophysics  Branch,  Code  U16 
Washington  25,  D.  C. 

Office  of  Chief  Signal  Officer 
Signal  Plans  and  Operations  Division 
Attn:   SI00L-2,  Room  20 
Cora.  Liaison  Br.f  Radio  Prop.  Sect. 
The  Pentagon,  Washington  25,  D.  C. 

Defence  Research  Member 
Canadian  Joint  Staff 
2001  Connecticut  Street 
Washington,  D.  C. 

Central  Radio  Prop.  Lab. 
National  Bureau  of  Standards 
Attn:  Technical  Reports  Library 
Boulder,  Colorado 

U.  S.  Weather  Bureau 

U.  S.  Department  of  Commerce 

Washington  25,  D.  C. 

Attn:   Dr.  Harry  Wexler 


DL 


Federal  Communications  Commission 

Washington  25,  D.  C. 

Attn:  Mrs.  Barbara  C.  Grimes,  Librarian 

Upper  Atmosphere  Research  Section 
Central  Radio  Propagation  Laboratory 
National  Bureau  of  Standards 
Boulder,  Colorado 

Argonne  National  Laboratory 

P.O.  Box  299 

Lemont,    Illinois 

Attn:     Dr.   Roylande  D.  Young 

Bell  Telephone  Labs, 

Murray  Rill,  New  Jersey 

Attn:  Dr.  S.  0.  Rice,  3B  -  203 

Camegle  Institute  of  Washington 
Dept.  of  Terrestrial  Magnetism 
52U1  Broad  Branch  Road,  N.  W* 
Washington  1?,  D.  C. 
Attn:  Library 

Georgia  Tech  Research  Institute 
225  N.  Avenue,  N.  W. 
Attn:  Dr.  James  E.  Boyd 
Atlanta,  Georgia 

University  of  Maryland 
College  Park,  Maryland 
Attnt  Dr.  A.  Weinstein 
Institute  of  Fluid  Dynamics 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Massachusetts 

Attn:  Prof.  Radford,  Division  3  Head 

Willow  Run  Research  Center 
University  of  Michigan 
Willow  Run  Airport 
Tpsilantl,  Michigan 
Attn:  Dr.  C.  L.  Dolph 

School  of  Engineering 
New  York  University 
University  Heights 
New  York,  New  York 

Shell  Fellowship  Committee  of  the 
Shell  Companies  Foundation,  Inc. 
50  West  50th  Street 
New  York  20,  N.  Y. 
Attn:  Mr.  J.  R.  Janssen 

Esso  Research  and  Engineering  Co, 

P.  0.  Box  51 

Linden,    New  Jersey 

Attn:     Mr.  C.  L.  Brown,   Manager 

Union  Carbide  and  Carbon  Corp. 
30  E.  b2nd  Street 
New  York  17,   New  York 
Attn:     Mr.  L.   E.  Erlandson 

Convair 

San  Diego  12,   California 

Attn:     Mr.  Marvin  Stern 

Bell  Telephone  Labs.,    Inc. 
>i63  West  Street 
New  York  13,   N.  Y. 
Attn:     Dr.  Mervin  J.   Kelly 

Engineering  Library 
University  of  California 
U05  Hilgard  Avenue 
Los  Angeles  2k,   California 

Convair,   A  Division  of  General  Dynamics  Corp. 

Daingerfield,   Texas 

Attn:     J.  E.  Arnold,    Division  Manager 

Convair,    A  Division  of  General  Dynamics  Corp. 

San  Diego  12,   California 

Attn:     R.   L.  Bayless,   Chief  Engineer 

Convair,   a  Division  of  General  Dynamics  Corp. 

San  Diego  12,   California 

Attn:     K.   J.  Bossart,   Chief  Engineer-WS107A 


Convair,  A  Div.  of  General  Dynamics 

Corp. 
Fort  Worth  1,   Texas 
Attn:     F.  W.   Davis,   Chief  Engineer 

Convair,   A  Div.   of  General  Dynamics 

Corp. 
Pomona,   California 
Attn:     C.   D.   Perrine 

Ass't  Div.   Manager,   Engln. 

Shell  Development  Company 

Exploration  and  Production  Res.   Div. 

3737  Bellaire  Boulevard 

Houston  25,  Texas 

Attn:     Miss  Aphrodite  Mamoulides 

RCA  Laboratories 
Princeton,   New  Jersey 
Attn:     Dr.  Charles  Polk 

Stanford  Research  Institute 
S.    Pasadena,   California 
Attn:     Dr.   J.  Brandstatten 

Wayne  State  University 
Kresge-Hooker  Science  Library 
5250  Second  Boulevard 
Detroit  2,   Michigan 

ARRA 

1  Bond  Street 

Westbury,   L.    I,,   New  York 

Attn:     Dr.   Norman  Spector 

Varian  Associates 

611  Hansen  Way 

Palo  Alto,  California 

Attn:  Mrs.  Perry  Conway 

Technical  Librarian 

Case  Institute  of  Technology 

Department  of  Electrical  Engin. 

University  Circle 

Cleveland  6,  Ohio 

Attn:  Prof.  Robert  Plonsey 

Dr.  Ming  S.  Wong,  CRRKP 
Air  Force  Cambridge  Research  Center 
Laurence  G.  Hanscom  Field 
Bedford,  Massachusetts 

Physics  Section 

AVCO-RAD  Division 

20  South  Union  Street 

Lawrence,  Mass. 

Attn:  Dr.  Ernest  Bauer 

Advanced  Development  Section 

Western  Development  Labs. 

Philco  Corp. 

3875  Fabian  Way 

Palo  Alto,  California 

Attn:     Dr.  Albert  R.   Giddis 

Department  of  Aeronautical  Engineering 

University  of  Michigan 

Ann  Arbor,  Michigan 

Attn:   Prof.  Mahinder  Uberoi 

Gordon  McKay  Laboratory 
Harvard  University 
Cambridge  39,  Mass. 
Attn:  Dr.  S.  R.  Seshadri 

Commander 

Air  Research  and  Development  Command 

Attn:     RDTR 

Andrews  Air  Force  Base 

Washington  25,  D.  C. 

College  of  Engineering 

Dept.  of  Electrical  Engineering 

University  of  Florida 

Gainesville,  Florida 

Attn:     Dr.  Sullivan 

Dr.   V.  M.   Papadopoulos 
Dept.   of  Engineering 
Brown  University 
Providence,    R.   I. 


Major  Vernon  Lee  Dawson 
RSDD-OML(MO) 
Redstone  Arsenal 
Hunteville,   Alabama 

Grumman  Aircarft  Engineering  Corp. 
South  Oyster  Bay  Road 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Dr.  Charles  Mack 

AF  Office  of  Scientific  Research 
Washington  25,  D.  C. 
Attn:   Dr.  Karl  Kaplan 

University  of  California 

Radiation  Laboratory 

P.  0.  Box  fl08 

Livermore,  California 

Attn:  Dr.  Bernard  A.  Lippmann 

Department  of  Electrical  Engineering 

Case  Institute  of  Technology 

University  Circle 

Cleveland  6,  Ohio 

Attn:  Professor  Albert  E.  Collin 

Antenna  Laboratory 

Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Massachusetts 

Attn:  Mr.  Philip  Blackstone 

Lt.  Mark  J.  Beran,  CRRD 
Air  Force  Cambridge  Research  Center 
Laurence  G.  Hanscom  Field 
Bedford,  Massachusetts 

Mr.  Richard  Mack,  CRRD 
Air  Force  Cambridge  Research  Center 
Laurence  G.  Hanscom  Field 
Bedford,  Massachusetts 

System  Development  Corporation 
2500  Colorado  Avenue 
Santa  Monica,  California 
Attn:  Library 


NYU 

EM-]       Vf"^ 

Surface  waves  on  a 
right  angled  we- 


NYU 
-116 


AUl HOR 

Karp 


BWface   waves    on   a   right 


BORROWER   S     NAME 


ROOM 
NUMBEF 


'  L 


JAN23"S& 


N.  Y.  U.  Institute  of 
Mathematical  Sciences 

25  Waverly  Place 
New  York  3,  N.  Y. 


Date  Due 


-1 

-JAN^'SO 

JUL  i  a  'fg 

I 

T 

©1 

PRINTED 

N  U.  S.  A. 

